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6HYHUDO VXVWDLQDELOLW\PHDVXUHPHQW WRROV DQG IUDPHZRUNVKDYHEHHQGHYHORSHG+RZHYHUPRVW RI WKHVH WRROV RQO\ IRFXVRQ HQYLURQPHQWDO
FRQVLGHUDWLRQVZKLOHVRPHRI WKHIUDPHZRUNVRQO\IRFXVRQJRYHUQPHQWDOSURJUHVV ,QWKLVSDSHUDFRPSUHKHQVLYHIUDPHZRUN IRUDVVHVVLQJ
VXVWDLQDELOLW\ LV SUHVHQWHG'XULQJ IUDPHZRUNGHYHORSPHQW WKH/LIH&\FOH$VVHVVPHQW /&$ DQG IX]]\ ORJLF DSSURDFKZDV DSSOLHG/&$
GHWHUPLQHGWKHVXVWDLQDELOLW\SDUDPHWHUVDQGHVWLPDWHGWKHSRWHQWLDOHQYLURQPHQWDOLPSDFWIURPWKHPHPEUDQHSURGXFW1H[WWKHIX]]\ORJLF
DSSURDFK ZDV DSSOLHG WR GHDO ZLWK WKH TXDOLWDWLYH DQG TXDQWLWDWLYH GDWD 7KH SURSRVHG IUDPHZRUN IRFXVHV RQ WKH HYDOXDWLRQ RIPHPEUDQH
SURGXFWV+RZHYHUWKHSURSRVHGIUDPHZRUNFDQEHDGRSWHGIRURWKHUUHODWHGSURGXFWV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI$VVHPEO\7HFKQRORJ\DQG)DFWRU\0DQDJHPHQW7HFKQLVFKH8QLYHUVLWlW%HUOLQ
.H\ZRUGV6XVWDLQDELOLW\DVVHVVPHQWIUDPHZRUNIX]]\ORJLFDSSURDFKPHPEUDQHSURGXFWOLIHF\FOH
,QWURGXFWLRQ
6XVWDLQDELOLW\DVVHVVPHQWKDVEHFRPHHYROXWLRQRITXDOLW\
DQGHIILFLHQF\ LQGLFDWRU IRUSURGXFW OLIHF\FOH7KLV WKHRU\ LV
JHQHUDOO\ YLHZHG DV D WRRO RI LPSDFW DVVHVVPHQW SURFHVVHV
ZKLFK QHHGV WR EH LQWHJUDWHG ZLWK VHYHUDO FULWHULD 2YHU WKH
\HDUV ORFDO UHJLRQDO QDWLRQDO DQG LQWHUQDWLRQDO HIIRUWV WR
LGHQWLI\ DQ DSSURSULDWH VXVWDLQDELOLW\ LQGLFDWRU KDYH EHHQ
FRQVLVWHQW >@ +RZHYHU WKHVH HIIRUWV GHSHQG RQ WKH
VXVWDLQDELOLW\FRQWH[WDQGFRYHUDJH$QHYDOXDWLRQDFFRUGLQJ
WR UHVRXUFH XVH DQG HQYLURQPHQWDO LPSDFW DORQJ WKH
SURGXFWLRQ FKDLQ RI WKH SURGXFW OLIH F\FOH LV SUHIHUUHG IRU
SURGXFWUHODWHGDVVHVVPHQWWRROV
7KH PDLQ REMHFWLYH RI DVVHVVLQJ WKH VXVWDLQDELOLW\ RI D
PHPEUDQH OLIH F\FOH LV WR LQGLFDWH WKH VXVWDLQDELOLW\
SHUIRUPDQFHOHYHORIDPHPEUDQHSURGXFW6HYHUDOPHPEUDQH
W\SHV H[LVW VXFK DV KROORZ ILEHU PHPEUDQH IODW VKHHW
PHPEUDQH DQG WXEXODU PHPEUDQH0HPEUDQH SURGXFW LV DQ
LPSRUWDQW IDFWRU LQ ILOWUDWLRQ SURFHVVHV DQG VKRXOG EH
PRQLWRUHG LQ WHUPV RI VXVWDLQDELOLW\ 7KH SHUIRUPDQFH OHYHO
FDQ EH LGHQWLILHG DW HYHU\PHPEUDQH OLIH F\FOH SKDVH:HDN
DUHDV FDQ EH GHWHFWHG WR LPSURYH D SURGXFW VXFK DV WKH
PDWHULDOXVHGSURFHVVGHVLJQDQGHUJRQRPLF IDFWRUV:KHQ
WKH SURGXFW VXVWDLQDELOLW\ OHYHO LV LPSURYHG XVHUV EHFRPH
PRUH VDWLVILHG ZLWK WKH TXDOLW\ SURGXFW DQG VXVWDLQDELOLW\
ODEHO6XVWDLQDELOLW\ UHIHUV WR WKHEDODQFH LQ WKH WULSOHERWWRP
OLQH 7%/ ZKLFK LQFOXGHV HQYLURQPHQWDO HFRQRPLFDO DQG
VRFLDO DVSHFWV 6XVWDLQDELOLW\ VKRXOG PLQLPL]H QHJDWLYH
HQYLURQPHQWDOLPSDFWFRQVHUYHHQHUJ\DQGQDWXUDOUHVRXUFHV
DQGEHHFRQRPLFDOO\VRXQGDQGVDIHIRUWKHFRPPXQLW\>@
)RU WKH VXVWDLQDELOLW\ DVVHVVPHQW WKH JRDOV RI HDFK
VXVWDLQDELOLW\HOHPHQWQHHG WREHDUUDQJHG7KLV VWHS UHIOHFWV
WKH GHVLUH WR DFKLHYH 7%/ REMHFWLYHV 6HYHUDO JRDOV DUH
SUHSDUHG IRU WKH GHYHORSPHQW RI D VXVWDLQDELOLW\ DVVHVVPHQW
IUDPHZRUNWKDWLQYROYHVDOOWKHVXVWDLQDELOLW\DVSHFWV)RUWKH
HQYLURQPHQWDO DVSHFW SRWHQWLDO QHJDWLYH HQYLURQPHQWDO
LPSDFW VXFK DV JOREDO ZDUPLQJ SRWHQWLDO DFLGLILFDWLRQ
SRWHQWLDOHXWURSKLFDWLRQSRWHQWLDODQGZDVWHSRWHQWLDOVKRXOG
EH UHGXFHG )RU WKH HFRQRPLFDO DVSHFW WKH LQYROYHG FRVWV
VKRXOGEHRSWLPL]HG)RUWKHVRFLDODVSHFWSRWHQWLDOIDWDOLWLHV
VKRXOGEHHOLPLQDWHGDQGHUJRQRPLFIDFWRUVLPSURYHG
&KDSWHUGHVFULEHV WKHH[LVWLQJ VXVWDLQDELOLW\DVVHVVPHQW
IUDPHZRUN 0RVW RI WKLV IUDPHZRUN IRFXVHG RQ RQH
VXVWDLQDELOLW\ FULWHULRQ )RU WKH DVSHFW RI HQYLURQPHQWDO
VXSSRUW /LIH &\FOH $VVHVVPHQW /&$ ZDV DSSOLHG WR
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HVWLPDWH WKHHQYLURQPHQWDOEXUGHQVRI WKHPHPEUDQHV\VWHP
GHVFULEHG LQ &KDSWHU  ,Q DGGLWLRQ IHZ IUDPHZRUNV FRXOG
LQWHJUDWHWKHXQFHUWDLQWLHVRITXDOLWDWLYHDQGTXDQWLWDWLYHGDWD
7KXVIX]]\ORJLFDSSURDFKZDVDSSOLHGLQWKHGHYHORSPHQWRI
WKH IUDPHZRUN PHWKRGRORJ\ WR RYHUFRPH WKH GDWD
XQFHUWDLQWLHVRQWKHSURSRVHGIUDPHZRUN
([LVWLQJVXVWDLQDELOLW\DVVHVVPHQWIUDPHZRUN
6HYHUDO WRROV IRU VXVWDLQDELOLW\ HYDOXDWLRQ KDYH EHHQ
GHYHORSHGVXFKDV/&$(FR,QGLFDWRU(FR,QGLFDWRU
/LIH&\FOH ,QGH[ /LQ;*UHHQ3URDQG7HQ*ROGHQ5XOHV
+RZHYHU PRVW RI WKHVH WRROV GR QRW LQWHJUDWH D QDWXUH
HFRQRPLFVRFLHW\ DVSHFW EHFDXVH WKH\ PDLQO\ IRFXV RQ WKH
HQYLURQPHQWDO DVSHFWV 2WKHU IUDPHZRUNV LQFOXGH WKRVH
GHYHORSHGE\WKH8QLWHG1DWLRQV&RPPLVVLRQRQ6XVWDLQDEOH
'HYHORSPHQW &6' WKH *OREDO 5HSRUW ,QLWLDWLYH *5, RI
7KH ,QVWLWXWLRQ RI &KHPLFDO (QJLQHHUV ,&KHP( DQG WKH
/RZHOO &HQWUH IRU 6XVWDLQDEOH 3URGXFWLRQ /:63 DQG
:XSSHUWDO 6XVWDLQDEOH IUDPHZRUNV RI WKH 8QLWHG 1DWLRQ
&6' 7KHVH IUDPHZRUNV DUH IRFXVHG RQ WKH JRYHUQPHQWDO
SURJUHVVRIFRXQWULHVWKDWEHORQJWRWKH8QLWHG1DWLRQV7DEOH
 VKRZV WKH GHWDLOV RI H[LVWLQJ VXVWDLQDELOLW\ DVVHVVPHQW
PHWKRGV
7DEOH([LVWLQJHYDOXDWLRQWRROVIUDPHZRUNVIRUPHDVXULQJVXVWDLQDELOLW\
7RROVIUDPHZRUNV 'HWDLOV
/&$ /&$PHWKRGRORJ\LVDJHQHUDOL]HGWRRO WKDWFDQEH
DSSOLHGWRHYDOXDWHDQ\W\SHRISURGXFWDQGVHUYLFH
/&$ IRFXVHV RQ WKH HQYLURQPHQWDO DVSHFW WR
HVWLPDWHWKHHQYLURQPHQWDOEXUGHQGXULQJDSURGXFW
OLIH F\FOH 7KLV WRRO GRHV QRW FRQVLGHU HFRQRPLFDO
DVSHFWV VXFK DV FRVW +RZHYHU /&$ LV DQ
DGYDQWDJHRXV WRRO ZKHQ VXSSRUWLQJ WKH
HQYLURQPHQWDODVSHFWIURPEHJLQQLQJWRHQG
(FR,QGLFDWRU 7KH(FR ,QGLFDWRU LVDJHQHUDOL]HG WRRO WKDWFDQ
EHXVHGWRHYDOXDWHDQ\SURGXFWW\SH$GHVLJQHUFDQ
HDVLO\ DSSO\ WKLV WRRO EHFDXVH WKH HQYLURQPHQWDO
WHUPV DUH HDV\ WR XQGHUVWDQG 7KH WRRO DOVR
FRQVLGHUV ERWK HQYLURQPHQWDO DQG VRFLDO DVSHFWV
+RZHYHU LW GRHV QRW FRQVLGHU HFRQRPLFDO DVSHFWV
VXFKDVFRVWUHVRXUFHGHSOHWLRQDQGWHFKQRORJ\
(FR,QGLFDWRU 7KLV WRRO LV D PRGLILFDWLRQ RI (FR ,QGLFDWRU 
ZKLFK LV EDVHGRQ WKHGDPDJHRULHQWHGPHWKRG IRU
/&$7KH(FR,QGLFDWRUZDVGHYHORSHGEDVHGRQ
WKUHHPDLQFDWHJRULHVKXPDQKHDOWKHFRV\VWHPDQG
PLQHUDO UHVRXUFHV 6LPLODU WR WKH(FR ,QGLFDWRU 
(FR ,QGLFDWRU  LV D JHQHUDOL]HG WRRO WKDW FDQ EH
XVHGWRHYDOXDWHDQ\SURGXFW W\SH7KLVWRRO LVDOVR
ZHOO GRFXPHQWHG DQG DFFHSWHG DV DQ LQWHUQDWLRQDO
VWDQGDUG+RZHYHU (FR ,QGLFDWRU  VWLOO GRHV QRW
LQFOXGHDQDQDO\VLVRIFRVWDQGWHFKQRORJ\
/,Q; 7KLVWRROLVDQLQGH[LQJV\VWHPIRUWKHHYDOXDWLRQRI
SURFHVVGHVLJQ7KHHQYLURQPHQWDOHFRQRPLFDODQG
VRFLDO DVSHFWV DUH FRQVLGHUHG 7KLV WRRO LV D
JHQHUDOL]HG WRRO WKDW FDQ EH XVHG WR VFUHHQ DQG
HYDOXDWH DQ\ SURGXFW W\SH DQG SURFHVV GHVLJQ
+RZHYHU WKH ERXQGDU\ DQDO\VLV LV OLPLWHG IURP
FUDGOHWRJDWHZKLFKGRHVQRWFRYHUDOOWKHOLIHF\FOH
VWDJHVRUGRHVQRWUHDFKWKHHQGRIDSURGXFWOLIH
*UHHQ3UR *UHHQ3UR LVD V\VWHPDWLFPHWKRGRORJ\ IRUSURFHVV
GHVLJQ WKDW FRQVLGHUV WKH DVVHVVPHQW DQG
PLQLPL]DWLRQ RI HQYLURQPHQWDO LPSDFW 7KLV
DQDO\VLV LQFOXGHVHQYLURQPHQWDO WHFKQRORJLFDO DQG
HFRQRPLFDOIDFWRUVDW WKHGHVLJQVWDJHWRGHWHUPLQH
D FRVWHIIHFWLYH VROXWLRQ 7KHPDLQ HOHPHQW RI WKLV
WRRO LV WKH DSSOLFDWLRQ RI PXOWLFULWHULD GHFLVLRQ
PDNLQJZKLFKLVDJXLGHIRUPDNLQJGHFLVLRQV7KH
ERXQGDU\ DQDO\VLV LV OLPLWHG IURP FUDGOH WR JDWH
ZKLFK GRHV QRW FRYHU WKH XVDJH DQG OLIH HQG RI
SURGXFWV ,Q DGGLWLRQ WKLV WRRO GRHV QRW FRQVLGHU
VRFLDODVSHFWV
7HQ*ROGHQ5XOHV 7HQ*ROGHQ5XOHV LV D TXDOLWDWLYH DQDO\VLVPHWKRG
WKDW SURYLGHV WKH FRPPRQ IRXQGDWLRQ XVHG DV D
EDVLV DQG JXLGH IRU WKH GHYHORSPHQW RI D VSHFLILF
SURGXFWGHVLJQ7KH UXOHVFDQEHFXVWRPL]HGEDVHG
RQWKHVSHFLILFSURGXFWUHTXLUHPHQWV+RZHYHUWKLV
WRRO RQO\ FRQVLGHUV HQYLURQPHQWDO DVSHFWV
)XUWKHUPRUH D XVHUPXVW DOUHDG\KDYHEDFNJURXQG
NQRZOHGJHWRSURSHUO\XVHWKHVHUXOHV7KHDQDO\VLV
UHVXOWV PD\ DOVR GLIIHU GHSHQGLQJ RQ XVHU
NQRZOHGJHDQGH[SHULHQFH
8QLWHG1DWLRQ
&6'
7KLV IUDPHZRUN ZDV GHYHORSHG WR PRQLWRU WKH
YDULRXV VXVWDLQDELOLW\ LQGLFDWRUV IRU DVVHVVLQJ WKH
SHUIRUPDQFH RI JRYHUQPHQWDO SURJUHVV ,W KDV DQ
DGGLWLRQDO HOHPHQW FDOOHG LQVWLWXWLRQDO DVSHFWV7KLV
IUDPHZRUNIRFXVHVRQWKHJRYHUQPHQWDOSURJUHVVRI
WKH 8QLWHG 1DWLRQV 'HYHORSPHQW +RZHYHU RWKHU
FDVH VWXGLHV RU DSSOLFDWLRQV FDQ DGRSW WKLV
IUDPHZRUN
*5, 7KH ,&KHP( LQWURGXFHG D VHW RI VXVWDLQDELOLW\
LQGLFDWRUV WR PHDVXUH WKH RSHUDWLRQ VXVWDLQDELOLW\
ZLWKLQ D SURFHVV LQGXVWU\ 7KLV IUDPHZRUN LV OHVV
FRPSOH[ LPSDFWRULHQWHG DQG VWURQJO\ IDYRUV
HQYLURQPHQWDO DVSHFWV ,W IRFXVHV PRUH RQ WKH
GHYHORSPHQWRI VRFLDO LQGLFDWRUV WKDQRQEDODQFLQJ
HDFKVXVWDLQDELOLW\HOHPHQWRIWKHIUDPHZRUN
/:63 7KLV IUDPHZRUN KDV VHYHQ VXVWDLQDELOLW\ IURQWV
QDPHO\ ZDVWH HOLPLQDWLRQ EHQLJQ HPLVVLRQ
UHQHZDEOH HQHUJ\ ORRS FORVLQJ UHVRXUFHHIILFLHQW
WUDQVSRUWDWLRQ VHQVLWLYLW\ KRRNXS DQG FRPPHUFH
UHGHVLJQ,WFRQVLVWVRIILYHOHYHOVWRZDUGVXVWDLQDEOH
V\VWHP/:63IUDPHZRUNIRFXVHVRQLQFUHDVLQJWKH
FRPSUHKHQVLYH PHDVXUHPHQW RI HQYLURQPHQWDO
LPSDFW
:XSSHUWDO
VXVWDLQDEOH
IUDPHZRUN
7KLV IUDPHZRUN LV DQ LQQRYDWLRQ RI WKH 8QLWHG
1DWLRQV &6' IUDPHZRUN DQG LWV LQGLFDWRUV DUH
DSSOLFDEOH IRU QDWLRQDO IRFXV 7KH IUDPHZRUN
IRFXVHVRQWKHJRYHUQPHQWDOSURJUHVVRIWKH8QLWHG
1DWLRQV'HYHORSPHQW+RZHYHU RWKHU FDVH VWXGLHV
RUDSSOLFDWLRQVFDQDGRSWWKLVIUDPHZRUN

$V VHHQ IURP WKH H[DPSOHV RI JHQHUDOL]HG WRROV DQG
IUDPHZRUNV VRPH WRROV GR QRW FRQVLGHU DOO WKUHH PDLQ
HOHPHQWV RI VXVWDLQDELOLW\ ZKLOH VRPH WRROV XWLOL]H WKH
TXDOLWDWLYHPHWKRG LQ WKH DVVHVVPHQWV ,Q DGGLWLRQ WKHUH DUH
QR WRROV GHYHORSHG FDQ GHDO ZLWK GDWD XQFHUWDLQWLHV 7KLV
VWXG\ LQWURGXFHVDQDVVHVVPHQWVXVWDLQDELOLW\ IUDPHZRUN WKDW
FRQVLGHUV 7%/ DVSHFWV 7KH SURSRVHG IUDPHZRUN FDQ GHDO
ZLWKGDWDXQFHUWDLQWLHVXVLQJWKHIX]]\ORJLFDSSURDFKZKLFK
IRFXVHVRQ WKHPHPEUDQHSURGXFW+RZHYHU WKHIUDPHZRUNV
FDQEHDGRSWHGIRURWKHUDSSOLFDWLRQVRUFDVHVWXGLHV>@
0HWKRGRORJ\
/LIH&\FOH$VVHVVPHQW
,Q WKLV VWXG\ /&$ ZDV DSSOLHG WR VXSSRUW WKH
VXVWDLQDELOLW\ DVVHVVPHQW IUDPHZRUNZKLFK FDQ HVWLPDWH WKH
HQYLURQPHQWDOEXUGHQVRIPHPEUDQHSURGXFWVDWHYHU\SKDVH
RIWKHOLIHF\FOH7KHHQYLURQPHQWDOEXUGHQVLQFOXGHVDOOW\SHV
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RI LPSDFW WR WKH HQYLURQPHQW LQFOXGLQJ GHSOHWLRQ RI QDWXUDO
UHVRXUFHV HQHUJ\ FRQVXPSWLRQ DQG ODQG ZDWHU DQG DLU
HPLVVLRQV 8VLQJ /&$ FDQ HQVXUH WKDW DOO W\SHV RI
HQYLURQPHQWDO LPSDFW DUH DVVHVVHG ZLWKLQ D FRQVLVWHQW /&$
IUDPHZRUNWRPLQLPL]HWKHSRVVLELOLW\RISUREOHPVKLIWLQJ>@
)RUWKHSDVW\HDUV/&$KDVEHHQXVHGLQYDULHGIRUPV WR
HYDOXDWH WKH HQYLURQPHQWDO LPSDFW RI D SURGXFW RU VHUYLFH
WKURXJKRXW DQ HQWLUH OLIH F\FOH >  @ ,W KDV DOVR EHHQ
VXFFHVVIXOO\ XVHG LQ YDULRXV DSSOLFDWLRQV VXFK DV WKH
PHPEUDQHILOWUDWLRQSURFHVV>@
7KHVWUXFWXUHLVGLYLGHGLQWRIRXUSKDVHVEDVHGRQWKH,62
VWDQGDUG 7KHVH SKDVHV DUH JRDO DQG VFRSH GHILQLWLRQ OLIH
F\FOH LQYHQWRU\ DQDO\VLV OLIH F\FOH LPSDFW DVVHVVPHQW DQG
LQWHUSUHWDWLRQ7KHJRDORIWKHDSSOLHG/&$LVWRHVWLPDWHWKH
HQYLURQPHQWDOEXUGHQVRIDPHPEUDQHSURGXFW7KHVFRSHRI
WKH/&$ IRFXVHVRQ WKHPHPEUDQHSURGXFW DQG LQFOXGHV WKH
FRQVXPSWLRQ RI PDWHULDOV DQG HQHUJ\ VXFK DV HOHFWULFLW\
3DUDPHWHUV FDQ EH GHWHUPLQHG E\ LGHQWLI\LQJ WKH HOHPHQWDU\
LQSXWDQGRXWSXWWKDWFURVVWKHV\VWHPERXQGDU\DVVKRZQLQ
)LJXUH


)LJ6\VWHPERXQGDU\IURPFUDGOHWRJUDYH
0DVV DQG HQHUJ\ EDODQFH DUH SHUIRUPHG WR TXDQWLI\ DOO
HOHPHQWDU\ LQSXW DQG RXWSXW IORZV ZDVWHV DQG HPLVVLRQV
LQYROYHGLQDPHPEUDQHOLIHF\FOH7KH/&$VRIWZDUH*D%L
 LV XVHG WR HVWLPDWH DLU ZDWHU DQG VRLO ZDVWHV DQG
HPLVVLRQV DFFRUGLQJ WR WKHPRGHO GHYHORSHG LQ WKH VRIWZDUH
>@7KH LPSDFW DVVHVVPHQW SKDVH LV FUHDWHG WR HYDOXDWH WKH
VLJQLILFDQFHRISRWHQWLDOHQYLURQPHQWDOLPSDFWVXVLQJWKH/&,
UHVXOWV %DVHG RQ WKH UHVXOWV WKH HQYLURQPHQWDO LPSDFW
DVVRFLDWHG ZLWK WKH PHPEUDQH OLIH F\FOH FDQ   EH LGHQWLILHG
DQG VHOHFWHG DV LQSXW SDUDPHWHUV IRU WKH IUDPHZRUN
GHYHORSPHQW
+RZHYHU/&$LVQRWDFRPSOHWHVXVWDLQDELOLW\DVVHVVPHQW
EHFDXVHRQO\WKHHQYLURQPHQWDODVSHFWLVFRYHUHG>@7KXV
/&$ LV DSSOLHG DV D VWUDWHJLF WRRO WR GHWHUPLQH WKH
VXVWDLQDELOLW\ SDUDPHWHUV DQG HVWLPDWH WKH HQYLURQPHQWDO
EXUGHQVWKDWRFFXULQWKHIUDPHZRUNGHYHORSPHQW
$SSOLFDWLRQRIIX]]\ORJLFDSSURDFK
)X]]\ ORJLF LVD VXLWDEOH WRRO IRUXQFHUWDLQWLHVZKLFKFDQ
EH UHJDUGHG DV XVHIXO DQG SUDFWLFDO IXQFWLRQV IURP WKH
PDWKHPDWLFDO SHUVSHFWLYH >@ )X]]\ ORJLF ZKLFK XVHV
FRPPRQ VHQVH FRGLILFDWLRQ LV D VXLWDEOH DSSURDFK IRU
PDSSLQJ LQSXWV WR DQ RXWSXW 7KH IX]]\ LQIHUHQFH V\VWHP
),6 ZDV DGRSWHG EHFDXVH IUDPHZRUN LQSXWV FRPH LQ WKH
IRUPRITXDOLWDWLYHDQGTXDQWLWDWLYHGDWD),6LVDPHWKRGWKDW
LQWHUSUHWV WKH YDOXHV LQ WKH LQSXW YHFWRU DQG DVVLJQV WKHP WR
RXWSXWYHFWRUVEDVHGRQWKHVDPHVHWRIUXOHV>@)X]]\ORJLF
DQDO\VLVDQGFRQWUROPHWKRGVDUHVKRZQLQ)LJXUH




)LJ7KHIX]]\ORJLFFRQWURODQDO\VLVPHWKRG
7KH IX]]\ RSHUDWLRQ VWDUWV DIWHU WKH HOHPHQWDU\ LQSXW DQG
RXWSXW WKDW FURVV WKH V\VWHP ERXQGDU\ DUH VHOHFWHG ZKLFK
GHWHUPLQH WKH SDUDPHWHUV >@ 7KH QH[W VXEWRSLF GLVFXVVHV
WKH IX]]\ RSHUDWLRQ DQG FRQVLVWV RI IX]]\ PHPEHUVKLS
IXQFWLRQ PI IX]]\ UXOHV IX]]LILFDWLRQ ),6 DQG
GHIX]]LILFDWLRQ
x 0I DOORZV WKH VPRRWK DVVHVVPHQW RI LQSXW YDULDEOHV
WRZDUG WKH RXWSXW 7ULDQJXODU PI LV DGRSWHG LQ YDULRXV
DVVHVVPHQWVEHFDXVHLWLVWKHVLPSOHVWDQGPRVWFRPPRQO\
XVHG > @ 7ULDQJXODU PI LV DGRSWHG LQ WKH SUHVHQW
VWXG\EHFDXVHRIWKHVHFKDUDFWHULVWLFV
x )X]]\UXOHVSUHVHQWWKHOLQJXLVWLFRIWKHLIWKHQSURSRVLWLRQ
RI WKH VLWXDWLRQ7KH LISDUW FRQVLVWVRIRQHRUPRUH IDFWV
ZKLOH WKH WKHQ SDUW LQFOXGHV RQO\ RQH SDUW ZKLFK LV WKH
RXWSXW >@ 7KH QXPEHU RI IX]]\ UXOHV H[SRQHQWLDOO\
LQFUHDVHVDFFRUGLQJWRWKHQXPEHURIHOHPHQWVFRQVLGHUHG
x )X]]LILFDWLRQLVDSURFHVVWKDWGHWHUPLQHVWKHPHPEHUVKLS
GHJUHHRI WKH LQSXW YDULDEOHV$IWHU FRQVLGHULQJ WKH LQSXW
YDOXHWKHLQSXWGHJUHHVKRXOGEHGHWHUPLQHGZLWKWKHXVH
RIWKHPI'XULQJWKHIX]]LILFDWLRQSURFHVV WKHQXPHULFDO
LQSXWYDOXHVZLOOFRQYHUWLQWROLQJXLVWLFYDULDEOHV
x ),6 LV DQ DSSURDFK IRU LQWHJUDWLQJ TXDQWLWDWLYH DQG
TXDOLWDWLYHGDWD>@),6FDQIRUPXODWHWKHPDSSLQJIURP
WKH REWDLQHG LQSXW WR WKH RXWSXW YDOXH ,W FRQVLVWV RI DQ
LPSOLFDWLRQ SURFHVV DQG DQ DJJUHJDWLRQ SURFHVV 7KH
LPSOLFDWLRQSURFHVVGHILQHVWKHIX]]\FRQFOXVLRQZKLOHWKH
DJJUHJDWLRQ SURFHVV FRPELQHV IX]]\ FRQFOXVLRQV LQWR D
VLQJOH IX]]\VHW2XWSXWYDOXHLV WKHRYHUDOOVXVWDLQDELOLW\
SHUIRUPDQFHRIDPHPEUDQHOLIHF\FOHLQWHUPVRILQGLFHV
$PHPEUDQH OLIH F\FOH FDQ EH FDWHJRUL]HG DV VXVWDLQDEOH
RUQRWYHU\VXVWDLQDEOHZLWKWKHXVHRIWKHLQGLFHV
x 'HIX]]LILFDWLRQ LV WKH SURFHVV RI WUDQVIRUPLQJ WKH RXWSXW
IX]]\UHVXOWLQWRDVLQJOHQXPHULFDOYDOXHVXFKDVDQLQGH[
RUDSHUFHQWDJHIURP]HURWRRQH'HIX]]LILFDWLRQGRHVWKH
RSSRVLWHRIIX]]LILFDWLRQ7KHPRVWFRPPRQWHFKQLTXHIRU
GHIX]]LILFDWLRQ LV WKH FHQWHU RI JUDYLW\ PHWKRG ZKLFK
FDOFXODWHVWKHFHQWHURIWKHDUHDXQGHUWKHFXUYH>@



),6
2XWSXW
6XVWDLQDELOLW\
DVVHVVPHQWLQGH[
,QSXWV
0DWHULDOV
(QHUJ\
5DZPDWHULDO
)DEULFDWLRQ
7UDQVSRUWDWLRQ
8VDJH
(2/
(OHPHQWDU\
,QSXWV
(OHPHQWDU\
2XWSXWV
6\VWHP%RXQGDU\
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:LWK WKH XVH RI WKH IX]]\ ORJLF DSSURDFK WKH GHYHORSHG
VXVWDLQDELOLW\ DVVHVVPHQW IUDPHZRUN FDQ PDQDJH GDWD
XQFHUWDLQWLHV ZKLOH FRQVLGHULQJ WKUHH PDLQ VXVWDLQDELOLW\
DVSHFWV 0RUHRYHU WKH IUDPHZRUN FDQ EH WKH LQWHUPHGLDWH
EHWZHHQDVXVWDLQDEOHDQGQRQVXVWDLQDEOHPHPEUDQHSURGXFW
3URSRVHG)UDPHZRUN
)LJXUH VKRZV WKHSURSRVHG IUDPHZRUN IRUDVVHVVLQJ WKH
VXVWDLQDELOLW\ SHUIRUPDQFH RI D PHPEUDQH OLIH F\FOH 7KH
DVVHVVPHQW ILUVW VHOHFWVDPHPEUDQHSURGXFWDQG UHYLHZV WKH
SURGXFW VSHFLILFDWLRQV RU ELOO RI PDWHULDO %20 ZKLFK
LQFOXGHV WKH PDWHULDOV DQG SURFHVVHV IRU REWDLQLQJ WKH
VXVWDLQDELOLW\SDUDPHWHUV RU LQSXW GDWDZLWK WKH XVHRI/&$
$IWHU SDUDPHWHUV DUH FROOHFWHG WKH SDUDPHWHUV DUH FODVVLILHG
LQWR WKH FRUUHVSRQGLQJ FDWHJRULHV RU WKH HQYLURQPHQWDO
HFRQRPLFDODQGVRFLDODVSHFWVDVGLVFXVVHGEHORZ
(QYLURQPHQWDODVSHFW
7KHLQWHQVLYHXVHRIPDWHULDOVHQHUJ\DQGWKHSRWHQWLDOIRU
HQYLURQPHQWDOSROOXWLRQIURPWKHLQWHQVLYHSURFHVVHVZLWKLQD
OLIH F\FOH FKDUDFWHUL]HV DPHPEUDQH OLIH F\FOH )XUWKHUPRUH
FKHPLFDO XVH LQ SRVW WUHDWPHQW PD\ UHVXOW LQ WR[LFLW\ 7KH
EDFNZDVKLQJ SURFHVV DOVR LQYROYHV FKHPLFDO XVH DQG PD\
UHVXOW LQ WKHGLVFKDUJHRIKHDY\ WR[LFPHWDOVDQGFKORULQDWHG
UHVLGXHV
(FRQRPLFDODVSHFW
7KH FRVWV FRQVLGHUHG LQ WKLV DVSHFW DUH PDWHULDO FRVW
IDEULFDWLRQ FRVW WUDQVSRUWDWLRQ FRVW XVDJH FRVW DQG OLIH HQG
FRVW,QWHUPVRIVXVWDLQDELOLW\FRVWRSWLPL]DWLRQLVLPSRUWDQW
DQG LQYROYHV WKH UHGXFWLRQ RI FKHPLFDO XVH HQHUJ\ DQG
UHVRXUFHVWUDQVSRUWDWLRQODERUWUHDWPHQWFRVWRSHUDWLQJFRVW
DQGPDQDJHPHQWFRVW/HVVHQHUJ\DQGPDWHULDOFRQVXPSWLRQ
LQGLFDWHVDKLJKHUVXVWDLQDELOLW\OHYHO>@
6RFLDODVSHFW
)RU WKH VRFLDO DVSHFW WKH GHYHORSHG IUDPHZRUN FRQVLGHUV
WKH FRQWURO RI WKH KD]DUGRXV PDWHULDO XVHG HUJRQRPLFV
IDFWRUVDVZHOODVWKHVDIHW\DQGFRQWURORIWKHHPLVVLRQVWKDW
PD\SRWHQWLDOO\KDUPKXPDQKHDOWK6HYHUDOFRPSRQHQWVDUH
FRQVLGHUHG LQ WKH KXPDQ KHDOWK IDFWRU VXFK DV WKH KHDY\
PHWDO DQG FDUFLQRJHQ SURGXFHG LQ DOO PHPEUDQH OLIH F\FOH
SKDVHV2WKHUIDFWRUVVXFKDVGXVWDQGWR[LFJDVFDQDOVRFDXVH
KHDOWKLPSDLUPHQW
1H[W IX]]\HYDOXDWLRQFDQGHWHUPLQH WKH LQGLFHVRIHYHU\
HOHPHQWWRREWDLQDQRYHUDOOVXVWDLQDELOLW\SHUIRUPDQFHLQGH[
7KH HOHPHQWV UHIHU WR WKH SRWHQWLDO LPSDFW GDWD FROOHFWHG DV
VKRZQ LQ 7DEOH  &XUUHQWO\  HOHPHQWV DQG WKH
FRUUHVSRQGLQJ SDUDPHWHUV DUH FRQVLGHUHG ,Q WKH SURSRVHG
IUDPHZRUN WKH ZHLJKWDJH SURFHVV LV RSWLRQDO GHSHQGLQJ RQ
WKHDVVHVVPHQWREMHFWLYH>@7KHSUHVHQWVWXG\SURYLGHV
HTXDO ZHLJKWDJH EHFDXVH WKH DVVHVVPHQW REMHFWLYH LV WR
EDODQFHDOODVSHFWV
$IWHU WKH HYDOXDWLRQ WKH VXVWDLQDELOLW\ SHUIRUPDQFH RI D
PHPEUDQH OLIH F\FOH FDQ EH REWDLQHG LQ WHUPV RI D ORZ
PHGLXP RU KLJK LQGH[ $ ORZ LQGH[ YDOXH LQGLFDWHV D ORZ
PHPEUDQH SURGXFW VXVWDLQDELOLW\ OHYHO ZKHUHDV D KLJKHU
LQGH[YDOXHLQGLFDWHVDKLJKVXVWDLQDELOLW\OHYHO$WWKLVVWDJH
WKHZHDNQHVVDUHDFDQEHLGHQWLILHG7KXV LI WKHZHDNQHVVLV
DFFHSWDEOHDSURGXFWVXVWDLQDELOLW\ ODEHOFDQEHDFKLHYHGIRU
VXVWDLQDELOLW\ VDWLVIDFWLRQ ,PSURYHPHQWV DUH QHHGHG DW WKH
ZHDNDUHDVWRZDUGPHPEUDQHSURGXFWVXVWDLQDELOLW\
2YHUDOO WKH LQWHJUDWLRQEHWZHHQ DOO VXVWDLQDELOLW\ DVSHFWV
QDPHO\ HQYLURQPHQWDO HFRQRPLFDO DQG VRFLDO LV LPSRUWDQW
LQ GHYHORSLQJ WKH VXVWDLQDELOLW\ DVVHVVPHQW IUDPHZRUN 7KH
SURSRVHG IUDPHZRUN FDQ EH XVHG WR DVVHVV WKH VXVWDLQDELOLW\
OHYHO RI DPHPEUDQH OLIH F\FOH 7KHUHIRUH WKH VXVWDLQDELOLW\
DVSHFWVFDQEHEDODQFHG
7DEOH6XVWDLQDELOLW\DVSHFWVHOHPHQWVDQGSDUDPHWHUV
6XVWDLQDELOLW\
DVSHFWV
(OHPHQWV 3DUDPHWHUV
(QYLURQPHQWDO *OREDO
:DUPLQJ
3RWHQWLDO
&DUERQGLR[LGH&2
&DUERQPRQR[LGH&2
0HWKDQH&+
 $FLGLILFDWLRQ
3RWHQWLDO
6XOSKXUGLR[LGH62
1LWURJHQR[LGH12[
 (XWURSKLFDWLRQ
3RWHQWLDO
%LRORJLFDOR[\JHQGHPDQG%2'
&KHPLFDOR[\JHQGHPDQG&2'
3KRVSKRUXV32
$PPRQLD1+
 :DVWH
SRWHQWLDO
6ROLGZDVWH
&KHPLFDOZDVWH
(FRQRPLFDO 0DWHULDO 5HQHZDEOHPDWHULDO
1RQUHQHZDEOHPDWHULDO
 (QHUJ\ 5HQHZDEOHHQHUJ\
1RQUHQHZDEOHHQHUJ\
6RFLDO +XPDQKHDOWK &DUERQPRQR[LGH&2
1RQPHWKDQHYRODWLOHRUJDQLFFRPSRXQG
1092&
'XVW
 +HDY\PHWDO /HDG3E
0HUFXU\+J
&KURPLXP&U
&XSUXP&X
 &DUFLQRJHQ $UVHQLF
%HQ]HQH
 5LVN 6DIHW\
(UJRQRPLF
&RQFOXVLRQ
7KLVSDSHUSUHVHQWHGDSURSRVHGIUDPHZRUN IRUDVVHVVLQJ
WKHVXVWDLQDELOLW\RIDPHPEUDQHOLIHF\FOH/&$ZDVDSSOLHG
WRWKHIUDPHZRUNWRGHWHUPLQHWKHLQYROYHGSDUDPHWHUVDQGWR
FODVVLI\ DV ZHOO DV DVVLJQ WKHVH SDUDPHWHUV WR FRUUHVSRQGLQJ
FDWHJRULHV ),6 ZDV DSSOLHG WR GHWHUPLQH WKH LQGLFHV RI WKH
HOHPHQWV LQYROYHG EHFDXVH WKHVH HOHPHQWV ZHUH TXDQWLWDWLYH
DQGTXDOLWDWLYHGDWDDQGFRXOGQRWEH LQWHJUDWHGZLWK WKHXVH
RI D WUDGLWLRQDO PDWKHPDWLFDO DSSURDFK (TXDOLQJ DOO WKH
HOHPHQW LQGLFHV FRXOG REWDLQ WKH RYHUDOO VXVWDLQDELOLW\
SHUIRUPDQFHRIDPHPEUDQHOLIHF\FOHEHFDXVHZHLJKWDJHZDV
RSWLRQDO 7KH SURSRVHG IUDPHZRUN FRXOG PRQLWRU WKH
VXVWDLQDELOLW\SHUIRUPDQFHRIDPHPEUDQHV\VWHP7KHUHIRUH
LPSURYHPHQWV FRXOG EH PDGH WR DFKLHYH PHPEUDQH SURGXFW
VXVWDLQDELOLW\

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
)LJ3URSRVHGIUDPHZRUNIRUDVVHVVLQJVXVWDLQDELOLW\RIPHPEUDQHOLIH
F\FOH
$FNQRZOHGJHPHQWV
7KH DXWKRUV WKDQN WKH0LQLVWU\ RI +LJKHU (GXFDWLRQ DQG
8QLYHUVLWL 7HNQRORJL 0DOD\VLD 870 DQG WKH 5HVHDUFK
0DQDJHPHQW &HQWUH IRU SURYLGLQJ ILQDQFLDO VXSSRUW WKURXJK
WKH /RQJ7HUP 5HVHDUFK *UDQW 6FKHPH IXQGLQJ QXPEHU
/7KHILUVWDXWKRUDOVRWKDQNVKHU0\3KG6FKRODUVKLS
5HIHUHQFHV
>@ 6LQJK 5. 0XUW\ +5 *XSWD 6. 'LNVKLW $. $Q RYHUYLHZ RI
VXVWDLQDELOLW\DVVHVVPHQWPHWKRGRORJLHV(FRO,QGLF
>@ -D\DO $' %DGXUGHHQ ) 'LOORQ -U 2: -DZDKLU ,6 6XVWDLQDEOH
PDQXIDFWXULQJ 0RGHOLQJ DQG RSWLPL]DWLRQ FKDOOHQJHV DW WKH SURGXFW
SURFHVVDQGV\VWHPOHYHOV&,53-0DQXI6FL7HFKQ
>@8QLWHG1DWLRQV&RPPLVVLRQ RQ 6XVWDLQDEOH'HYHORSPHQW ,QGLFDWRUV RI
VXVWDLQDEOH GHYHORSPHQW JXLGHOLQHV DQGPHWKRGRORJLHV 8QLWHG1DWLRQV
5HWULHYHG RQ $SULO  YLD
KWWSZZZXQRUJHVDVXVGHYQDWLQIRLQGLFDWRUVLQGVLGLQLVGPJSGI
>@/DEXVFKDJQH&%UHQW$&9DQ(UFN53*$VVHVVLQJ WKH VXVWDLQDELOLW\
SHUIRUPDQFHVRILQGXVWULHV-&OHDQ3URG
>@ ,&KHP( 7KH 6XVWDLQDELOLW\ PHWULFV 6XVWDLQDEOH GHYHORSPHQW SURJUHVV
PHWULFV UHFRPPHQGHG IRU XVH LQ WKH SURFHVV LQGXVWULHV :DUZLFNVKLUH
,QVWLWXWLRQRI&KHPLFDO(QJLQHHUV
>@ %ULWLVK 6WDQGDUG ,QVWLWXWLRQ %6 (1 ,62  /RQGRQ%ULWLVK
6WDQGDUG,QVWLWXWLRQV
>@1HVV%8UEHO3LLUVDOX($QGHUEHUJ62OVVRQ/&DWHJRULVLQJWRROVIRU
VXVWDLQDELOLW\DVVHVVPHQW(FRO(FRQ
>@0DKPRRG 6 0DW 6DPDQ 0= 1RRUGLQ 0< /LIH F\FOH DVVHVVPHQW RI
PHPEUDQH V\VWHP IRU ZDVWHZDWHU WUHDWPHQW $ UHYLHZ DQG IXUWKHU
UHVHDUFK$SSO0HFK0DWHU
>@)DYD-$'HQLVRQ5-RQHV%HWDO$WHFKQLFDOIUDPHZRUNIRUOLIHF\FOH
DVVHVVPHQW 6RFLHW\ RI (QYLURQPHQWDO 7R[LFRORJ\ DQG &KHPLVWU\
:DVKLQJWRQ'&SS
>@/HYDQ6//LIH&\FOH$VVHVVPHQW0HDVXULQJHQYLURQPHQWDOLPSDFWOLIH
F\FOHHQYLURQPHQWDOLPSDFWDQDO\VLVIRUIRUHVWSURGXFWVWK$QQ0HHWLQJ
RIWKH)RUHVW3URGXFW6RFLHW\3RUWODQG2UHJRQ
>@3(*D%L6RIWZDUH6\VWHPDQG'DWDEDVHVIRU/LIH&\FOH(QJLQHHULQJ
&RS\ULJKW706WXWWJDUW(FKWHUGLQJHQ$FFHVVHG0D\
>@ <LQJ +$2 &KHQ * 1HFHVVDU\ FRQGLWLRQV IRU VRPH W\SLFDO IX]]\
V\VWHPVDVXQLYHUVDODSSUR[LPDWRUV$XWRPDWLFD
>@ .R]ORZVND ( %DVLF 3ULQFLSOH RI )X]]\ /RJLF   5HWULHYH RQ
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